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Bonds
Value
89.355 (9) Symmetry codes: 
108.9 (9) I3-Pb1-I3 ii 170.540 (11) C3-C8-C4 106.8 (10) I2-Pb1-I3 ii 80.417 (9) Pb1-I1-Pb1 i 78.948 (7) I1-Pb1-I3 ii 92.909 (9) Pb1-I2-Pb1 ii 78.285 (8) I1 ii -Pb1-I3 ii 84.043 (9) Pb1-I3-Pb1 i 78.284 (7) I2 i -Pb1-I3 ii 107.270 (10) I3-Pb1-I2 91.438 (10) Symmetry codes: (i) x−1/2, −y+1/2, −z+2; (ii) x+1/2, −y+1/2, −z+2. 
Initial Rietveld refinements and single crystal XRD software (see Methods in main text) report that a P2 1 2 1 2 1 space group with both non-disorder (Table S2b and S3b) and disorder model ( (100) and (1 ̅ 00), as is shown in Fig.  S11 a-b, which are forbidden in the diffraction of P2 1 2 1 2 1 space group without defects introduced. Hence, we believe the structure should have lower symmetry which may be difficult to be determined simply by XRD due to the low scattering factor of light atoms. To do this, diffraction pattern simulation and DFT calculation were carried out ( Fig. S11 and Fig. S14 ). It shows that a P2 1 space group (a polar space group) or even P1 (also a polar space group) better matches our experimental results (further explanation is shown in Fig. S11 a-f). (100) positions, which are forbidden in P2 1 2 1 2 1 structure. c-d, Comparison of simulated Transmission electron microscopy (TEM) patterns of non-polar (c) and polar (d) structure of R-CYEHAPbI 3 . The polar one has a precession diagram which matches experiment results much better. e, Comparison of powder XRD patterns of polar and non-polar structure of R-CYEHAPbI 3 . f, Comparison of intensity profiles of experimentally measured diffraction spots in precession diagram and simulated TEM pattern. The intensity match indicates that P2 1 is a better suggestion than P2 1 2 1 2 1 . Indeed, if we include other additional diffraction spots omitted in the software, e.g. (010) in Fig. 11b due to their weak intensity, we could further reduce the space group to P1 which is a polar space group as well. Those 'wave' like diffraction spots (Fig. S12a ) arise because our rotation angle is not perfectly aligned with the [010] direction of the crystal. By indexing with our predicted space group P2 1 , we found out that this pattern fits well. We can also see the peak (100) though it is quite weak, which is consistent with our previous single crystal XRD result (Fig. S11 ).
The weak signal may be attributed to the following reason: peak (100) may be overwhelmed by (101) and (101 ̅ ) peaks near it, as is shown in Fig. S13 . The 1/d of (100) (0.116 Å −1 ) and (101) (0.124Å −1 ) are close. As the intensity of peak (101) and (101 ̅ ) are around 50 times higher than that of peak (100) (calculated from single crystal XRD data we got last time), it is easy for (100) to be missed. Also, in precession diagram the distance between peak (100) and (101) is much larger than that in Laue image. As is shown in Fig. S13b , the position where (100) is expected is affected by peak (101) and (101 ̅ ). We can see shoulders at positions of (100) and (1 ̅ 00) and, as expected, the intensities of those shoulders are close to that we expect (~1600).
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(1 ) (101) and (101 ̅ ). Red arrows (circles): The position we should see peak (100) and (1 ̅ 00). It can be seen that there are shoulders showing up at red circles, but very obviously, they are almost overwhelmed by peak (100) and (1 ̅ 00). Based on Fig. S14 and our supplementary videos, after phase transition, intensities of many different peaks change. Among them, peak (020) is most crucial one, as it has lowest index, and disappears (or decrease a lot in intensity) at above T c (e.g. at 175 o C). If peak (020) totally disappears, as most of other peaks still survive, including (021), etc., this should be attributed to systematic absence. As we have mentioned before, our material should still have chirality at high temperature. Hence, the structure this material may have is quite limited. Among them, only a few can have a systematic absence that can eliminate (020), as listed as follows: P4 1 , P4 2 , P4 3 , I4 1 , P4 1 22, P4 1 2 1 2, P4 3 22, P4 3 2 1 2, I4 1 22, P4 3 32, P4 1 32 and F4 1 32. However, all those space 
c d e f g h groups belong to tetragonal or cubic crystal systems, which requires a and c are the same. However, in the P2 1 structure, a=8.612 Å, c=21.719 Å, which means that it is not possible for the material to change into tetragonal or cubic without causing large differences in diffraction pattern.
Hence, it is more reasonable if we treat the intensity of (020) to be 'decreasing dramatically' rather than just 'disappear'. In this case, the material can be P2 1 or P2 1 2 1 2 1 structure at high temperature. If after phase transition, material still has P2 1 structure, it undergoes a ferroelectric-ferroelectric phase transition, which is not rare to be seen. Also, it has been reported that a chiral material keeps its space group after phase transition. On the other hand, if the space group changes into P2 1 2 1 2 1 , material undergoes a ferroelectric to non-ferroelectric phase transition, as P2 1 2 1 2 1 does not have dipoles. Actually, based on our pyroelectric results, this is a ferroelectric to non-ferroelectric phase transition to P2 1 2 1 2 1 , which will be discussed later. . Theoretical electronic band structure and polarization. a, Atomic structure of the P2 1 2 1 2 1 space group with vectors representing the atomic displacements (>7e-3 Angstrom) toward the P2 1 structure. b, Electronic bands plotted for chiral (left) and non-chiral (right) versions of both stoichiometries: XPbI 3 (top) and X 2 PbI 4 (bottom). X here is cyclohexylethylammonium. Band gaps are seen to increase going from X 2 PbI 4 to XPbI 3 , and from non-chiral to chiral. Band gaps in the X 2 PbI 4 stoichiometry are direct while for XPbI 3 they are indirect. In both stoichiometries the introduction on chirality increases the band gap as well. The calculated polarization in the P2 1 space group is from 0.4 μC/cm 2 . c, The atomic structure of an updated chiral phase with more rotated ethyl-amine groups, which gives us a polarization of 3.9 μC/cm 2 . d, The updated band structure calculated with PBE functional without spin-orbit coupling (see main text for HSE with spin-orbit coupling included) based on the structure in (c). e, Ferroelectric polarization (λ = 0 for non-polar phase and λ = 1 for polar state) calculated based on the structure in (c). The predicted polarization ranges from 0.4 μC/cm 2 to 3.9 μC/cm 2 depending on the conformation of the organic component, specifically accounting for the rotation of the ethyl-amine group. The energies of these zero-temperature (DFT ground state) conformations are relatively close, within 0.2 eV, and only involve small displacements of the light atoms within the organic group which will not make a measurable difference to the XRD pattern. It is therefore possible that the experimental structure at room temperature (but below the ferroelectric transition temperature) accesses these low-energy polar conformations. The measured polarization correspondingly falls within the range of polarizations possible for these conformers. f, HSE joint density of states (JDOS). Including spin-orbit coupling broadens the JDOS from an abrupt transition at about 300 nm (4 eV photon) to a gradual transition from 300 to 400 nm (4 to 3 eV photon energies), in excellent agreement with the experimental absorbance profile shown in Fig. S20 . We still see photo response even though this photon energy is smaller than the band gap of R-CYEHAPbI 3 . We believed that this may be attributed to anti-Stokes process. As is shown in a, in traditional Sawyer Tower method, a capacitor is connected in series with ferroelectric device to measure the charges on it. As the waveform they apply is an ordinary sine wave or triangle wave, Q1, Q2 and Q3 are collected together as the charge on ferroelectric device, Q Q = Q1 + Q2 + Q3 = SP + CU + ∫
S is device area, P is polarization, C is the capacitance of the non-ferroelectric capacitor, U is the voltage applied on device, and R is the resistance of the resistor. It is quite obvious that if the current originating from non-ferroelectric part is large, signal from ferroelectric performance is hard to be seen.
Double wave method, however, applied a special 'double wave' to the device, which contains two identical positive bias and two identical negative bias, as is shown in Fig.  S24b . As ferroelectric dipoles have already switched during the first positive/negative bias, no ferroelectric current can be seen under the second bias, while the currents from non-ferroelectric part are identical. Hence, by subtracting the current under second bias from the current under first bias, noise signal can be reduced dramatically, and ferroelectric signal can be measured more accurately. At low frequency, in double wave method or single wave method, the ferroelectric current (dQ/dt, here Q is close to constant, a lower frequency has a larger t) is small which is easily overwhelmed by resistive current. So, for thin film, to avoid this problem, it is more preferred to conduct PE measurement at high frequency. For bulk crystal, low frequency measurement is not uncommon since the resistive current is low. We get best PE loops at around 800 Hz. We fabricated new single crystal devices for dielectric and ferroelectric test, as our material tends to grow horizontally to form films on our substrate, which means that most of dipoles are along in-plane direction and the electric filed applied on our vertical capacitor-like devices can only switch a limited portion of dipoles. Hence, a single crystal device which can allow electric field to be aligned with most of dipoles is highly desired.
Due to the capability of our temperature control system, we can only achieve a minimum ramp speed of 0.1 o C/min. As a result, our largest single crystals are around 1 cm × 1 mm × 1 mm. Based on the space group we have already determined, dipoles are along b direction of our P2 1 structure (axial direction of our needles), so we need to cut them into discs perpendicular to axis. However, due to the 1-D nature of our material, the needle-like crystal is quite fragile and will be easily broken into smaller needles. Because of the problems mentioned above, our eventual device is a submillimeter single crystal in between of two piles of silver paste on a glass substrate, forming a lateral device.
Our devices are not capacitor-like device and hence the parasitic capacitance/current dominates under high voltages (since the device is not a parallel capacitor; it is noted that we do not have this problem for dielectric constant measurement since the voltage applied is small and the dielectric contribution of the ferroelectric crystal scales with the applied voltage). Thus, the conventional method would not give us a P-E loop that reflects the intrinsic property of the crystal and we have decided to use pyroelectric current and temperature-dependent pyroelectric current to obtain P-E loop indirectly. Because XRD is measured with θ-2θ method, planes that can be seen are those parallel to the surface. Due to the fact that bias is applied perpendicular to the surface, we may say that bias is applied perpendicular to those planes whose signal can be seen in XRD pattern. Based on our proposed structure, dipoles are along a-axis. It is obvious that when only [001] direction is aligned with external bias, P-E loop becomes minimized. When (020) and (031) peaks, ferroelectric charging currents can be seen. Hence, Polarization density is found to be dependent on the crystal orientation of our film, and this dependence is consistent with our proposed structure. Our low polarization density may be attributed to not favored orientations. 
Heating Cooling
I is the current, A is device area, α is pyroelectric coefficient, Q is the charges obtained by integration of current, and 1 and 2 are starting and ending temperature.
In temperature dependence of pyroelectric current measurement, a peak shows up at around 100 o C, which indicates a phase transition. By integration, we can calculate the saturated polarization. At room temperature, the polarization is around 1.2 μC/cm 2 . Landau theory was used to fit the experimental results. For simplification, we ignore high order terms
is the coefficient of fourth order term in the expansion of free energy, 0 is vacuum permittivity, C is Curie constant, and 0 is a constant. As is shown in Fig.  R10 , the theoretical calculation fits well with the experimental results. Also, based on this temperature dependent pyroelectric current curve, we may say the phase transition at 100 o C is a ferroelectric to non-ferroelectric phase transition, as no pyroelectric current shows up at high temperature phase. Although weaker, pyroelectric current still can be seen after 24 h and hence, we may say after 24 h, polarization still remains. b, fatigue endurance of our thin film device. It is clear that after 10 6 cycles, remanent polarization still remains almost the same as initial value. P 0 is the polarization at first cycle of test. Pr + is the positive polarization and Pris the negative polarization. We used our single crystal device to do the retention test. However, as our single crystal device is not a parallel capacitor, so we used electric field-switchable pyroelectric response as a side proof of the remanent polarization.
Pyroelectricity is the change of polarization in response to change of temperature, and can be attributed to the rigid ion displacement, electron phonon renormalization, and thermal expansion. All point groups that contain spontaneous polarization (1, 2, m, mm2, 3, 3m, 4, 4mm, 6, 6mm) have pyroelectricity. Our material, as a ferroelectric material, also has pyroelectricity, and the intensity of pyroelectric signal (current or voltage) scales with the remanent polarization. Hence, we could use the pyroelectric signal (with electric field-switchable polarity) as a sign of remaining polarization: if we can see a pyroelectric signal (and switchable) long time after poling, we can say our material still has remanent polarization.
In our experiment, we first poled our single crystal device with 2000 V, and measured the pyroelectric response after 30 min and after 24 h. Pyroelectric current is a response toward changing temperature
is pyroelectric current, is device area, is pyroelectric coefficient, and ∂ is the changing rate of temperature. Hence, we used a cyrostage to increase the temperature of our device from 25 o C to 50 o C (0 s to ~300 s), and then decrease it back to 25 o C (after ~300 s). In the first 30 s of the heating process, the cyrostage reaches 50 o C quickly, and we have a rapidly increasing pyroelectric current because pyroelectric current is proportional to ∂ , which scales with the temperature difference between our device and cyrostage. Based on Fourier's law
is the heat flux density, is conductivity, and ∇ is the temperature gradient. Hence, when we have higher temperature gradient, we will have higher heat flux and faster temperature increase. From 30 s to ~300 s, the cyrostage was kept at 50 o C, and the temperature of our device increases to 50 o C with a decreasing rate. As the temperature difference between our device and the cyrostage is decreasing, we see a dramatic change of pyroelectric current within ~300 s. After ~300 s, our device was cooled down to room temperature, showing a reversed pyroelectric current.
This whole process was repeated at 30 min after poling and 24 h after poling respectively. As we still get good pyroelectric response after 24 h, we may say after 24 h the polarization remains. Fig. S29 . Photoferroelectric measurements. a-b, Switchable diode effect of R-CYEHAPbI 3 devices. After poling with positive voltages, the photo current at 0 V is negative, while after poling with negative voltages, the photo current at 0 V is positive. c. At low voltage sweeping frequency, ion migration always leads to a current hysteresis in additional to the capacitive hysteresis. For ferroelectric material without ion migration, one only expects the capacitive hysteresis when the sweeping voltage is below the voltage corresponding to the coercive field. In our study, we do not see the ion migration-induced current hysteresis but only the capacitive hysteresis (featured by the parallel I-V curves that do not pass through zero points under forward and backward sweepings). We can see that even at 115 o C, our material does not have ion migration-induced hysteresis. These evidences rule out the ion migration contribution to photo switchable current. 
Section S4. Photoferroelectricity

